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Abstract. Predator odors have potential as feeding repellents for mammalian herbi-
vores, including Aplodontia rufa, the mountain beaver. However, the repellency of major
chemical constituents of natural predator scents for this species has not been evaluated. In
this study, the effects of several synthetic sulfur compounds from predator scents on feeding
by mountain beavers were assessed and compared to the effects of coyote (Canis latrans)
urine. Retrieval of food by mountain beavers from bowls scented with either coyote urine,
diluted with water to different concentrations, synthetic components of predator scents, or
control odorants was studied. The following synthetic compounds were tested: A’-Isopen-
tenyl methyl sulfide (IMS), a compound present in urine from several canid species; 2,2
dimethylthietane (DMT), a major constituent in anal gland secretion from the mink (Mustela
vison); a 1:1 mixture of 2-propylthietane (PT) and 3-propyl-1,2-dithiolane (PDT), com-
pounds occurring in anal gland secretions from the stoat (Mustela erminea) and the ferret
(Mustela putorius). Habituation to PT plus PDT was studied by measuring consumption of
dry pellets during continuous exposure to these compounds for 5 d. In two-choice feeding
trials mountain beavers retrieved significantly more food from bowls scented with water
than from bowls scented with coyote urine. Dilution of urine had no statistically significant
effect on food retrieval, but repellency tended to decrease with decreasing concentration.
Mountain beavers retrieved less food scented with a 1:1 mixture of PT and PDT, compared
to controls. However, they rapidly habituated to this mixture. None of the other compounds
caused an avoidance response. These results show that complex natural predator scents are
more effective feeding repellents than some of their major volatile components alone.
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INTRODUCTION

Damage by mountain beaver severely limits regen-
eration of conifer forests in the Pacific Northwest. This
primitive, herbivorous rodent causes millions of dollars

' Manuscript received 17 March 1994; revised 19 Septem-
ber 1994; accepted 10 November 1994.

of losses each year by harvesting plant material for
food and storage in underground burrows (Feldhamer
and Rochelle, 1982, Campbell, 1994). Currently, trap-
ping, poisoning, and mechanical barriers are the most
frequently used control methods. Habitat manipulation
and destruction of burrow systems are also practiced.
Each of these methods is costly and with the exception
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tested: 10 and 1 mg/mL. The concentration of 10 pg/
mL approximated the concentration of the compound
in our pool of coyote urine as determined by HPLC
analysis. Light mineral oil served as control in both
series of trials.

Stimulus fluids (500 pL) were presented in plastic
mesh capsules (HistoPrep. Fisher Scientific, USA, 25
X 6 mm) lined with filter paper. These scent dispensers
were placed into each bowl. leaving the food untainted.
They allowed animals to smell the stimuli but pre-
vented contact with odorants. All subjects were tested
with the lower concentration first, followed by the high-
er concentration. Choice tests offered 20 g of apple per
bow! for 2 h.

Experiment 3

The repellency of DMT was tested. Informal screen-
ing of DMT, using a few animals not included in the
experiment, had suggested that the compound is not
aversive. Therefore, in the present experiment whole
coyote urine was tested on the same subjects in a coun-
ter-balanced design, in order to ascertain that possible
failure to respond to DMT was not due to general ha-
bituation to predator scents.

DMT was prepared for testing by dissolving 100 pL
in 2 g of petroleum jelly. This preparation reduces feed-
ing in European wild rabbits. woodmice, and voles
(Robinson 1990). For each trial, 30 mg of DMT jelly
was placed into a paper-lined HistoPrep capsule. Pe-
troleum jeily (30 mg) served as a control odorant. Pa-
per-lined HistoPrep capsules also served as dispensers
for 500 pL of coyote urine and 500 pL of water.

Half of all subjects tested on each day received
choices between DMT and petroleum jelly; the other
half received choices between coyote urine and water.
Tests lasted for | h, with 15 g of diced apple offered
in each food bowl.

Experiment 4

The effect of commercial slow-release devices con-
taining synthetic mustelid scent, i.e.. a 1:]1 mixture of
PT and PDT, was tested. Blank plastic rods of the same
dimensions as the devices served as controls. Scented
devices and controls were enclosed in unlined

 HistoPrep capsules that were placed into bowls con-
taining 20 g of diced apple. Tests lasted 2 h.

Bioassay tests, experiment 5

The effects of long-term exposure to PT-PDT de-
vices on food consumption was investigated using five
subjects. In the course of this habituation experiment.
each animal was exposed to PT and PDT continuously
for 5 d while housed in a large room (3.5 X 3.5 m).
The room contained the subject’s nest box, two metal
tunnels (120 cm long, 15 cm diameter) to increase en-
vironmental complexity, a water bowl. and two feeding
stations located 3 m from each other. One feeding sta-
tion was scented using a PT-PD device enclosed in a
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HistoPrep capsule, the other station contained a capsule
with a blank device.

Feeding stations consisted of translucent plastic box-
es (40 X 28 cm, X 23 cm high) with 13 X 13 cm
entrances. These boxes were used to concentrate vol-
atiles emanating from the HistoPrep capsule taped to
the back wall of each box. One of the two feeding
stations, including the bowl, always was used to present
predator scent. while the other always was used to pres-
ent control scent.

Each subject was introduced into the room 24 h be-
fore predator scent was presented. During this period,
70 g of dry pellets were available in each feeding sta-
tion, containing empty HistoPrep capsules. Dry chow
was the only food available throughout the adaptation
and test periods.

A 5-d test period followed adaptation. Each day at
1000 chow remaining in the feeding stations was re-
moved and weighed, 70 g of fresh chow were placed
in each feeding station, and HistoPrep capsules were
supplied with fresh devices. The location of boxes in
the room remained constant throughout the 5 d of test-
ing, but positions of predator- and control-scented sta-
tions were determined daily at random. Methods used
in Experiment 5 are identical to those employed in a
previous study on habituation to coyote urine (Epple
et al. 1993), with the exception that HistoPrep capsules
rather than pieces of perforated tubing were used as
scent dispensers.

REsULTS
Experiment |

A three-factor ANOVA in which sex of subject was
treated as an independent factor and differently scented
stimulus bowls and concentrations were treated as de-
pendent factors showed that there was a significant dif-
ference in retrieving of urine-scented as compared to
water-scented food (F = 8.53, P < 0.05) but no dif-
ference among stimulus concentrations. In addition, the
interaction among the factors for stimulus type, con-
centration, and sex of subject was significant (F = 3.01,
P < 0.05). Otherwise, there were no significant dif-
ferences (Fig. 1).

Post hoc ¢ tests showed that subjects, as a group,
retrieved significantly more food from water-scented
bowls than from bowls scented with 100% urine (£ =
12.23, P < 0.005) or with 50% urine (F = 7.07, P <
0.05). Males. as a subgroup, exhibited a significant
preference for water-scented food over food scented
with 100% urine only (F = 23.78, P < 0.01). Females,
as a subgroup. took significantly more food from bowls
scented with water than from bowls scented with 50%
urineonly (F = 7.43, P < 0.05). However, females but
not males showed a strong trend to prefer water-scented
food in response to all urine concentrations (Fig. 1).

Experiment 2

A three-factor ANOVA in which sex of subject was
treated as an independent factor and stimulus bowls
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and IMS concentrations were treated as dependent fac-
tors failed to reveal any significant differences (Fig.
2). IMS did not affect food retrieval.

Experiment 3

A three-factor ANOVA in which sex of subject was
treated as an independent factor and stimulus bowls
and stimulus types as dependent factors showed that
there were significant differences between males and
females (F = 30.6, P < 0.001), between stimulus bowls
(F = 22.3, P < 0.001), and an interaction between
bowls and stimulus types (F = 6.44, P < 0.05). The
analysis was interpreted in terms of two-way interac-
tions. Post hoc ¢ tests indicated that coyote urine sig-
nificantly reduced food retrieval compared to water in
male and female subjects (F = 8.66, P < 0.05), but
that DMT had no effect (Fig. 3). Females retrieved
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Average amount of apple taken (g)
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FiGg. 2. Average amount of apple retrieved from bowls
scented with two concentrations of IMS and from bowls
scented with mineral oil (Q). Results from male and female
mountain beavers are combined. Data are means and | SE.

significantly less apple from coyote urine-scented
bowls than did males (F = 14.5, P < 0.005), but there
were no sex differences in food caching in response to
DMT.

Experiment 4

A two-factor ANOVA in which sex was treated as
an independent factor and stimulus type as a dependent
factor, showed that the animals, as a group, retrieved
less apple from bowls scented with PT-PDT devices
(F = 8.1, P <0.05). There was no significant difference
between male and female subjects and no interaction
between sex and stimulus type (Fig. 4).

Experiment 5

A three-factor ANOVA, in which sex was treated as
an independent factor, and days of exposure and stim-

Average amount of apple taken (g)

PJ DMT

Stimul

FiG. 3. Average amount of apple retrieved by male and
female mountain beavers when offered choices between coy-
ote urine (CU) and water (W) scented food, or between DMT
and petroleum jelly (PJ) scented food; *significant difference.
Data are means and 1 SE.
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ulus bowls were treated as dependent factors, failed to
reveal significant differences (Fig. 5). This indicates
that the PT-PDT devices did not influence feeding
when subjects were continuously exposed to them.

DiscuUsSION

The present results are consistent with our previous
finding (Epple et al. 1993, Nolte et al. 1993, 1994) that
coyote urine is an effective feeding deterrent for the
mountain beaver. However, feeding from urine-scented
sources is not completely suppressed, and there is in-
dividual variability in response to this stimulus. The
interaction among sex of subject, stimulus type, and
stimulus dilution found in Experiment | and the sig-
nificant sex difference in response to whole coyote
urine in Experiment 3 suggest that males are less sen-
sitive than females to aversive urinary cues. Mountain
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beaver males are considerably heavier than temales
(Nowak 1991). Their absolute energy requirements are
probably higher than those of females, and this may
cause them to take a higher predation risk during for-
aging.

The sulfide from canid urine (IMS) and the major
sulfur constituent of mink anal sac fluid (DMT) had no
effect on food retrieval PT and PDT reduced food
retrieval for short periods of time. Subjects habituated
quickly to these odors, however. This is in strong con-
trast to the mountain beavers’ responses to coyote
urine. When five animals were tested with whole coyote
urine under conditions identical to those used in Ex-
periment 5, no habituation occurred during the entire
5-d test period (Epple et al. 1993). In another study.
plants sprayed with coyote urine were avoided for up
to 3 wk (Nolte et al. 1993).

IMS and DMT are not aversive to mountain beavers.
in spite of the fact that they are major volatile con-
stituents of natural predator scents that are effective
repellents for this species. This indifference is sur-
prising, in light of the widespread repellency of sulfur-
containing compounds and our previous finding that
precipitation of such compounds in coyote urine re-
duces its repellent qualities for mountain beavers (Nol-
te et al. 1994). Moreover, several other species respond
to DMT and IMS. DMT is a strong feeding deterrent
for snowshoe hares (Sullivan and Crump 1984) and
European wild rabbits and reduces trap entry in wood
mice and bank voles (Robinson 1990). IMS also re-
duces browsing in snowshoe hares (Sullivan and
Crump 19864). PT and PDT, to which mountain beavers
habituate quickly, are strong, long-lasting repellents for
a number of small mammals (Sullivan and Crump 1984,
Sullivan et al. 19884, b, 1990a, b, Merkens et al. 1991).

Mountain beavers respond to the same natural pred-
ator scents that repel other herbivores but are largely
indifferent to some of the constituents to which other
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species respond strongly. This could be interpreted in
several ways. The aversiveness of natural predator
scents for mountain beavers may depend on one or a
few key compounds other than those tested here. Con-
versely, mountain beavers may respond to a mixture
of compounds present in natural predator scents. Al-
though the synthetic compounds tested in the present
study may be active components of such scent
mixtures, they may not have a measurable repellency
by themselves. Some other herbivores also respond
more strongly to complex natural scents than to single
compounds or simple mixtures (Vernet-Maury et al.
1984, Sullivan and Crump 19864, Abbott et al. 1990).

Although many herbivores are repelled by selected
key compounds in predator scents, these compounds
may not be identical for each species that responds to
the natural scent mix. Moreover, additional constituents
of the mixture may enhance the effectiveness of key
compounds in a species-specific manner. Thus, pred-
ator-derived compounds have high potential as feeding
repellents for a number of herbivores, including moun-
tain beavers. However, the constituents of natural pred-
ator scents to which this species is most responsive
must be isolated and identified before effective repel-
lents can be formulated.
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